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SUMMARY  OF  WORK 


Under  the  subject  grant,  research  Mas  undertaken  in  three 
different  topic  areas.  These  are  discussed  successively: 

lx  Sfftcti  si  Bauflbcsii  90  S&thllltx  tod  Icioiltigo  ot  Las  Ssctd 
Boundary  Layers,. 

A  study  mss  initiated  and  coepleted  (Ref.  1)  of  the  initial 
value  proto lee  involving  a  Mavy  Mall  as  one  of  the  boundaries. 

The  purpose  of  this  study  Mas  to  detareine  analytically  the 
possible  disturbances  that  could  be  introduced  into  a  laeinar 
boundary  layer  by  a  c opponent  of  a  Mall  roughness  spectrue. 

The  solution  shows  that  Mi thin  the  present  fraeauork  of 
linear  analysis,  the  wavy  wall  boundary  does  not  excite  the 
growing  Tollalen-dchllchtlng  wave.  Rather  it  shows  Itself  solely 
ae  producing  standing  waves  as  previously  calculated  by  the  saee 
authors  (Ref.  2).  Accordingly  the  Tolleien-Bchlichtlng  wavee  are 
excited  by  other  initial  and  boundary  phenoeena  such  as  free- 
streae  turbulence,  acoustical  disturbances,  etc.  We  sureise  that 
the  influence  of  roughness  on  transition  is  through  the  local 
profile  effects  in  the  near  vicinity  of  the  distributed 
roughneae.  These  local  wakes  of  roughness  eleeents  can  aeplify 
the  low  frequency  content  of  the  tunnel  turbulence  in  the  warmer 
described  by  the  eeeeureaents  of  Leventhal  and  Reshot ko  (Refs.  3 
end  4)  and  of  Shin,  Prahl  and  Reshotko  (Ref.  3) . 

A  paper  suae arising  all  of  the  above  findings  was  presented 
at  the  I UTAH  Byapoeiue  on  Turbulence  end  Chaotic  Phenoeena  in 
Fluids  held  in  Kyoto,  Japan,  3-10  dept  sober  19B3  (Ref.  4). 
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2x  MQDzLlOtiC  autellifag  EacaiUUgBl 

Host  linaar  stability  analysss  ars  rsstrictsd  to  studios  of 
ths  normal  modma.  However,  tha  normal  mod as  r apr asantat i on  of  a 
di sturbanca  spactrua  doas  not  convaniantly  ax tend  to  finita 
amplituda,  and  so  tha  nonlinaar  procassas  b ataman  initial 
instability  and  tha  c amp 1 at ion  of  tha  transition  procass  ara  to 
data  not  wall  undarstood. 

Tha  aathods  aval labia  in  nonlinaar  stability  analysis  ara 
of  four  typass 

a)  par tur bat ion  aathods 
b>  asymptotic  aathods 
e)  variational  aathods 
d)  nuamrical  solutions 

During  th  last  grant  y oar,  tha  abova  tachnl quas  wara  axaalnad  for 
thair  suitability  in  daaling  with  two  kinds  of  problaas:  i) 
rasp ansa  of  a  flow  to  a  spactrua  of  dlsturbancas  with  tha 
accompanying  aoda  coupling,  and  ill  growth  of  dlsturbancas  in  an 
anvironmant  that  is  Initially  nonlinaar.  Only  tha  parturbatlon 
methods  could  in  thair  limited  way  provide  soma  analytic  insight 
on  tha  abova  problems.  Humor leal  computation  could  at  a  later 
time  provide  more  quantitative  information. 

Because  of  our  ax par lanes  with  initial  value  problaas  (Ref. 
1),  we  wore  attracted  to  tha  possibility  of  ox tending  this 
tachnl  quo  into  the  nonlinaar  regime  during  tha  follow-on  grant 
period. 
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L  Mwwiiiii  stability  b£  Twrbyfot  Ecu  ante  Elm 


While  on  *  visit  to  Tel— Aviv  University  during  ths  isst 
thrss  Months  of  1983,  ths  principsl  invsstlgstor  had  ths 
opportunity  to  participate  in  ths  work  of  Prof.  Mygnanski’s 
group,  primarily  in  ths  area  of  turbulent  free  shear  flows.  In  a 
paper  by  8aster,  Kit  and  Mygnanskl  (Ref.  7),  it  is  shown  that  the 
large  scale  vortex  structures  that  occur  in  a  two-di aensi onal 
turbulent  nixing  layer  can  be  Modeled  by  non-parallel  lnviocid 
stability  considerations.  Mhile  in  residence  at  Tel-Aviv 
University,  the  principal  investigator  reviewed  for  Mygnanski’s 
group  the  analytical  basis  of  non-parallel  stability  fornulations 
and  developed  a  general! sat i on  of  that  procedure  that  could  be 
applied  to  any  two-di aonsi anal  free  shear  layer  (jet,  wake. 

Mixing  layer). 


As  a  result  of  the  work  done  by  the  principal  investigator 
under  AF08R  and  other  grants,  he  has  given  nuoer oua  Invited 
lectures  on  stability  and  transition  of  boundary  layers  and  has 
had  review  articles  published  on  this  topic. 

Through  his  chair nan oh ip  of  the  U.S.  Boundary  Layer 
Transition  Study  Sroup  and  his  asabership  on  an  A0ARD  Working 
•roup  on  Viscous  Siaulation,  the  principal  investigator  is 
continuing  his  studies  of  the  influence  of  test  facility  on 
boundary  layer  transition.  This  is  directed  at  establishing 
criteria  for  the  acceptability  of  transition  data  froa  ground 

3 


tMt  facilities  and  guidelines  concerning  their  extrapolation  to 


flight  conditions.  Further,  it  Mill  help  in  establishing  the 
basis  for  rational  Methods  of  transition  prediction. 

During  tho  grant  period,  the  principal  investigator  Mas 
appointed  Chairnan  of  the  NASA  Xnfornal  Advisory  8ubcoaaittee  on 
Aer odynaei cs  and  also  a  sender  of  the  executive  coneittee  of 
NASA’s  Aeronautics  Advisory  Coaalttee.  He  continues  as  a  aeeber 
of  the  Fluid  Dynanics  Panel  of  AQAftD. 
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